The phylogenetic relationships between owls and nightjars are rather complex and controversial. To clarify these relationships, we determined the complete mitochondrial genomes of Glaucidium cuculoides, Otus scops, Glaucidium brodiei, Caprimulgus indicus, and Strix leptogrammica, and estimated phylogenetic trees based on the complete mitochondrial genomes and aligned sequences from closely related species that were obtained in GenBank. The complete mitochondrial genomes were 17392, 17317, 17549, 17536, and 16307 bp in length. All mitochondrial genomes contained 13 protein-coding genes, two rRNAs, 22 tRNAs, and a putative control region. All mitochondrial genomes except for that of Strix leptogrammica contained a pseudo-control region. ATG, GTG, and ATA are generally start codons, whereas TAA is the most frequent stop codon. All tRNAs in the new mtDNAs could be folded into canonical cloverleaf secondary structures except for tRNA Ser (AGY) and tRNA Leu (CUN) , which missing the "DHU" arm. The phylogenetic relationships demonstrated that Strigiformes and Caprimulgiformes are independent orders, and
relationships (Sibley et al, 1988; 1990) . Sibley et al (1990) and Haring et al (2001) estimated the overall genomic similarity by DNA-DNA hybridization and proposed a new classification of birds In their classification, the Falconiform taxa were placed within an expanded order, Ciconiiformes, which included the infraorders Falconides (including Falconidae and Accipitridae) and Ciconiides (including Ciconiidae with the subfamilies Cathartinae and Ciconiinae) (Sibley et al, 1990; Haring et al, 2001 ); nightjars were a suborder placed within Strigiformes, and contained Strigida and Caprimugida (Sibley et al, 1990; Haring et al, 2001 ). However, phylogenetic results based on all tRNA gene sequences differed from those of previous morphological and DNA-DNA hybridization studies. The results did not support that Falconiformes should be placed within order Ciconiiformes or that nightjars should be placed into Strigiformes; instead, the results indicated that Strigiformes and Caprimulgiformes were independent orders (Wang et al, 1990) .
Mitochondrial DNA is a powerful, increasingly popular, and widely used molecular marker to estimate animal phylogenetic relationships. It has become a major tool of comparative genomics and plays an important role in phylogenetic, comparative and evolutionary genomics, and molecular evolutionary analyses, because it is maternally inherited, lacks recombination, and has accelerated nucleotide substitution rates compared with nuclear DNA (Liu et al, 2013; 2014) . Analyses of complete mitochondrial genomes provide not only sequence information about structural genomic characteristic analysis, but also data for phylogenetic studies. Consequently, complete mitochondrial genomes are becoming a preferred marker for resolving controversial species relationships, and have become increasingly important for comprehensive evolutionary studies (Lin et al, 2004; Gissi et al, 2008) .
However, there are only 16 complete mitochondrial genome sequences of owls and nightjars in GenBank; consequently, their phylogenetic relationships remain unresolved.
In this study, we clarified the phylogenetic relationships between owls and nightjars using mtDNA analyses. Our newly completed mitochondrial genomes should provide new insights into the phylogenetic position of some important species, and yield insight into the higher-level systematics of owls and nightjars. We sequenced the complete mitochondrial genomes of five ecologically important owls and nightjars: Glaucidium cuculoides, Otus scops, G. brodiei, Caprimulgus indicus, and Strix leptogrammica. We also analyzed the nucleotide composition, codon usage, and compositional biases of the mitogenomes.
Our phylogenomic analysis elucidates the phylogenetic relationships between owls, nightjars, and other important groups of birds.
MATERIALS AND METHODS

Ethics Statement and Sample Collection
The G. cuculoides, O. scops, and G. brodiei tissue samples were collected from dead birds that were killed by bird repellent at Hefei Xinqiao International Airport, Anhui Province, China. The C. indicus sample was collected from a dead bird that was illegally hunted and were sequenced by our lab and we only published about the sequence structure, but did not use these sequences for phylogenetic analysis.
DNA Extraction, PCR Amplification, and Sequencing
Whole genomic DNA was isolated from samples using the phenol/chloroform method. Extracted DNAs were examined on a 1.0% agarose/TBE gel and stored at −20°C as templates for PCR. The mtDNA sequences of Tyto longimembris (KP893332), Asio flammeus (NC_027606), and Aegotheles cristatus (NC_011718) were aligned using Clustal X 1.8 (Thompson et al., 1997) . Conserved primers were then designed using Primer 5.0, and each pair of primers generated a product with more than 100 bp of overlap. PCR amplifications were referenced to the manual of Trans Taq-T DNA Polymerase (Beijing, China). PCR amplification conditions were refered to Liu (Liu et al. 2017 ). PCR products were purified and bidirectionally sequenced by Sangon Biotech Co., Ltd. (Shanghai, China).
Genome Annotation and Sequence Analysis
DNA sequences were analyzed using Seqman (DNASTAR 2001 
Phylogenetic Analyses
To more extensively and accurately explore phylogenetic relationships between owls and nightjars, we collected complete mtDNA sequences from GenBank of birds that are closely related to owls and nightjars, which included members of Accipitriformes (19 species), Falconiformes (eight species), Apodiformes (four species), Trochiliformes/Trochilidae (five species), Coraciiformes (six species), and Piciformes (six species).
All of these species are predatory birds, and have similar morphological features and habits. Phylogenetic trees were estimated using ML and BI methods to study the phylogeny of the 16 owls and nightjars, for which we collected all complete mtDNA sequences that were available in GenBank. The corresponding Gallus gallus sequence (NC_001323) was used as the outgroup. Phylogenetic trees were estimated for two cases:
one based on the complete mitochondrial genomes of 63 species ( and Piciformes (six species).
Phylogenetic analyses were first performed on the individual genes to assess congruence of the phylogenetic signal among genes. Then, all of the sequences were aligned using Clustal X 2.1 as implemented in Mega 5.0 with manual adjustment. The mtDNA sequence files were saved in .meg format to under the each species bird name, and then turned it into .nex format. The optimal substitution model of each partition was determined by Modeltest 3.7, using the corrected Akaike information criterion (AICc). ML and BI phylogenetic trees were reconstructed using PAUP* 4.0b and MrBayes 3.1.2, respectively. The ML and BI trees were constructed refered to Liu (Liu et al. 2017 )
RESULTS
Genome Organization and Gene Arrangement in the Five Raptors
The complete PCGs; TAA was the most frequent stop codon, but AGG, TAA, TAG, and T-were also commonly observed.
Ribosomal RNA, Transfer RNA, and Non-coding Regions
The new mtDNA sequences contained 12S rRNA and 16S rRNA, which are located between tRNA Phe and tRNA Leu , and separated by tRNA Val .
All mitochondrial genomes contained 22 tRNAs, and all tRNAs could be folded into the typical cloverleaf structure, except for tRNA Ser(AGY) and tRNA Leu(CUN) which lack a dihydroxyuridine (DHU) arm. The non-coding regions included some intergenic spacers and a CR. All the first CR located between tRNA Thr and tRNA Pro , except Strix leptogrammica only contains an extra CR.
Phylogenetic Reconstructions
The ML and BI phylogenetic trees for 63 species shared identical topologies and high node support values for complete mtDNA sequences Strigiformes included Tytonidae and Strigidae species, whereas
Caprimulgiformes included Aegothelidae and Caprimulgidae species. 
DISCUSSION
Mitochondrial Genome Annotation and Features
All genes identified in the five mitochondrial genomes are typical raptor mitochondrial genes (Xiao et al, 2006; Song et al, 2015; Jiang et al, 2015) . All genomes contained 37 genes (13 PCGs, 22 tRNAs, and two rRNAs) and a CR, and the gene order was identical to that of the other raptor mitogenomes sequenced to date, but different from the gene order in other birds (Song et al, 2015; Jiang et al, 2015) . The arrangement of the five new owl and nightjar mitochondrial genomes in this study differed from those all other birds studied (Song et al, 2015; Jiang et al, 2015) , and the mitochondrial genomes were also longer than typical mitochondrial genomes (Xiao et al, 2006; Song et al, 2015; Jiang et al, 2015) .
The gene length, base composition, and RNA structure were similar to those of other raptor birds (Jiang et al, 2015; Zhao et al, 2016) .
Among the mitochondrial genomes of the 16 owls and nightjars, the longest was Asio flammeus (18966 bp) and the shortest was Tyto alba (16148 bp) ( Table 2 ). All results showed that the five new mitogenomes are consistently AT-biased, with values that ranged from 51.5% in Ninox strenua to 57.7% in Accipiter nisus (average, 54.2%); this indicates that A+T content was higher than C+G content, which is consistent with those of other bird species (51.6-55.7%) (Liu et al, 2013; 2014) . The overall base composition was also similar to those of other raptor species (Liu et al, 2014; Zhao et al, 2016) . The relative abundance of nucleotides was C>A>T>G, which reflected a strong AT bias; guanine (13.9%) was the rarest nucleotide (Ryu et al, 2012; Liu et al, 2013; 2014) 
Comparison of PCGs
Comparison of PCGs among the 16 owls and nightjars revealed that the start codon ATG accounted for 82.69% of the start codons in all 13
PCGs, followed by GTG (9.13%), which is similar to the start codons in mitochondrial sequences of other birds (Table 3, Figure 5 ) (Guan et al, 2009; Liu et al, 2013; 2014) . All PCGs were initiated by the typical ATN or GTG, as was observed in owls and nightjars, and terminated with TAA, AGG, and TAG, or T-is presumed to be completed via post-transcriptional polyadenylation (Harrison et al, 2004; Gibb et al, 2009; Jiang et al, 2015) . Among the 13 PCGs, all of the ATP8, COIII, ND4, ND4L, and ND6 start codons were ATG. GTG was common in ND1, COI COII, and ND5, whereas ATC and ATA were only found in ND1, ND2, and ND3 (Table 3 
CR Comparisons
In bird mitochondrial genomes, the CR is usually located between 2012; Song et al, 2015; Jiang et al, 2015) . CR is believed to be the regulation of replication and transcription, sequence variation may result in length differences among bird mitochondrial genomes (Boore et al, 1999; Bensch et al, 2000) . Additionally, some raptor mitochondrial genomes contained the pseudo-CR, which made these genomes longer than those of other birds (Song et al, 2015) . Many studies also show that the extensive size variation of CR in bird mtDNA is attributed to the insertion-deletion of some segments and/or the variation of the copy number-length of tandem within its 5′ and 3′ ends; however, there were no repeat sequences in the five new mitochondrial genomes that were sequenced in this study (Bensch et al, 2000; Xiao et al, 2006) .
Phylogenetic Analyses
The phylogenetic positions of owls and nightjars have changed several times throughout history. Traditionally, nightjars were thought to belong to suborder Caprimulgi within Strigiformes (Sibley et al, 1988; 1990 (Zheng, 1991; 1994; Sibley et al, 1998) . Traditionally, some authors considered Aegothelidae to be a suborder (Aegotheli) of Strigiformes; however, some authors suggested that Aegothelidae should be an independent family within Caprimulgiformes, or should to with owlet-nightjars formed Aegotheli (Sibley et al, 1988; 1990; Zheng, 2004) . In this study, the results support that Aegothelidae is a family that belongs to Caprimulgiformes and is not a suborder with Strigiformes. Our molecular results show that Aegotheles grouped with Chordeiles, which formed an independent family (Aegothelidae) within Caprimulgiformes; this finding is slightly different from that reported by Sibley et al (1998) . Molecular phylogenetic results also indicated that the studied birds could be divided into two families: Tytonidae and Strigidae. According to our study, Tytonidae diverged first, followed by Strigidae; this finding is similar to those of previous molecular phylogenetic and morphological studies (Zheng, 1991; 1994; Sibley et al, 1998) .
Accipitridae is a family of raptors that has been proposed to include most diurnal birds of prey, such as hawks, eagles, and vultures;
traditionally, these birds have been included with falcons in
Falconiformes, but some authorities have recognized a separate order, Accipitriformes (Chesser et al, 2010; 2012) . Based on our findings, we suggest that Accipitriformes does not belong to Falconiformes, but rather represents an independent order, Accipitriformes. Molecular phylogenetic analysis revealed that the Accipitriformes species should be divided into three families: Accipitridae, Sagittariidae, and Pandionidae. Our results showed that Accipitridae and Pandionidae clustered together, which was previously claimed based on a morphological and molecular study (Jiang et al, 2015) . In our study, the results revealed that Pandionidae (Pandion haliaetus) and Sagittariidae (Sagittarius serpentarius) are independent families; this result is consistent with those of an increasing number of recent studies (Lerner et al, 2005; Mahmood et al, 2014; Jiang et al, 2015) .
In traditional taxonomy, hummingbirds are placed in family Trochilidae within order Apodiformes, and Apodiformes also contains swifts (Mayr, 2003; 2005) . However, some taxonomists have separated hummingbirds into their own order, Trochiliformes (Bleiweiss et al, 1999) . In this study, we suggest that hummingbirds are not an independent order; instead, they belong to family Trochilidae within Apodiformes. According to our study, Trochilidae diverged earlier than other lineages within Apodiformes, which shows that Apodiformes is polyphyletic (Mayr, 2003) . Based on these results, Piciformes was the basal-most lineage, which indicates that it diverged earlier than the other predatory birds; this is similar to the findings of a previous report (Lanyon et al, 1994) .
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